(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 

Organization 
International Bureau 

(43) International Publication Date 
24 June 2004 (24.06.2004) 




PCT 



(10) International Publication Number 

wo 2004/053538 A2 



(51) International Patent Classlflcation^: 



G02B 5/00 



(21) International Application Number: 

PCTAJS20O3/037O59 

(22) International Filing Date: 

20 November 2003 (20.1 1.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
10/065,981 



6 December 2002 (06.12.2002) US 



(71) Applicant (for all designated States except US): GEN- 
ERAL ELECTRIC COMPANY [USAJSj; 1 River Road, 
Schenectady, NY 12345 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): OLCZAK, Eugene 
[US/US]; 2575 Johnson Road, Glenville. NY 12302 (US). 

(74) Agents: GNIBUS, Michael etal.; Patent Counsel, General 
Electric Company, 3135 Easton Turnpike (W3C), Fairfield, 
CT 06828 (US). 



(81) Designated States (national): AE, AG. AL. AM, AT, AU, 
AZ, BA, BB. BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, R, GB, GD, GE, GH, 
GM, HR, HU, ID, TL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ. NO, NZ, OM, PH. PL, PT, RO, RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ. UA, UG, US. UZ, VN, 
YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM. GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of thai report 

For two-letter codes and other abbreviations ^ refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) TiUc: BRIGHTNESS ENHANCEMENT FILM WITH IMPROVED VIEW ANGLE 




< 

QO 
IT) 



(57) Abstract: A structural shape on the surface of an optical substrate (110) is such that the brightness of diffuse light departing 
from the surface of the optical substrate (110) at certain off axis angles is reduced, at the expense of a small reduction in peak 
Q brightness measured near the viewing axis. The net result is an overall increase in useful illumination. A cross section of a prism as 
^ the structural shape has a curved sidewall or facet. A material with a relatively high index of refraction combined with a prismatic 
^ structure having a modified prism geometry improves brightness. 



WO 2004/053538 



PCTAJS2003/037059 



BRIGHTNESS ENHANCEMENT FILM WITH IMPROVED VIEW ANGLE 
BACKGROUND OF THE INVENTION 

This invention relates to brightness enhancement fihns and, more specifically to such 
films having curved facet prism structures and increased prism peak angles and 
refractive indices. 

In backlight computer displays or other systems, optical films are commonly used to 
direct light. For example, in backlight displays, brightness enhancement films use 
prismatic structures to direct light along the viewing axis (i.e., an axis normal to the 
display, or "on axis"). This enhances the brightness of the light viewed, by the user 
of the display and allows the system to use less power to create a desired level of on- 
axis illumination. Films for turning light can also be used in a wide range of other 
optical designs, such as for projection displays, traffic signals, and illuminated signs. 

Backlight displays and other systems use layers of films stacked and arranged so that 
the prismatic surfaces thereof are perpendicular to one another and are sandwiched 
between other optical films known as difiusers. Diffiisers have highly irregular 
surfaces. 

The use of current commercial brightness enhancement films causes a sharp cut-off 
in brightness between about 40 and 50 degrees off-axis. At angles beyond this cut- 
off there are side-lobes in the angular brightness distribution. These side-lobes can 
result in a waste of energy because they are outside the desired , viewing angle 
specifications of many liqmd crystal display (LCD) devices. The side-lobes are also 
undesirable in security applications since they allow light to reach unintended 
viewers. 

Thus, there is a continuing and demonstrated need in the prior art for brightness 
enhancement films which suppress sidelobes in the angular distribution of brightness. 

SUMMARY OF THE INVENTION 
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In a first embodiment, the invention features a structural shape for the surface of an 
optical substrate such that the brightness of diffuse li^t departing from the surface of 
the optical substrate at certain off axis angles is reduced, at the expense of a small 
reduction in peak brightness measured near the viewing axis. ' The net result is an 
overall increase in useful illunndnation. Such an optical substrate comprises a surface 
characterized by a cross section of at least one prism having a curved sidewall or 
facet. 

In a second embodiment, the invention features a combination of a high index of 
refraction prismatic structure with a modified prism geometry. Brightness 
performance is met or exceeded, for example in an LCD back lig^t display device, 
when the index of refraction of the prism structure is increased to a value above the 
index of refraction of materials commonly used in bri^tness enhancement films, 
while the peak angle is allowed to increase beyond.90 degrees. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cross sectional view of a backlight display device. 

FIGURE 2 is a perspective view of an optical substrate comprising a surface 
characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 3 is a first cross sectional view of an optical substrate comprising a surface 
characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 4 is a second cross sectional view of an optical substrate comprising a 
surface characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 5 is a graphical depiction of brightness as a function of horizontal viewing 
angle for an optical substrate comprising a surface characterized first by a cross 
section of a right angle prism, second by the curved sidewall or facet in Figure 3 and 
third by the curved sidewall or facet in Figure 4. 
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FIGURE 6 is a cross sectional view of a compoxind angle prism and of the geometric 
parameters of the curved sidewall or facet of Figures 3 and 4 as deiscribed by a 
segment of a polynomial function. 

FIGURE 7 is a perspective view of two optical substrates positioned in a crossed 
configuration wherein prismatic structures are positioned at an angle with respect to 
one another (e.g., 90 degrees). 

FIGURE 8 is a map of the central luminance of crossed optical substrates as a 
function of the prism pe^ angle and the refractive index of the substrate. 

FIGURE 9 is a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. 

FIGURE 10 is a graphical depiction of the far field vertical luminance of crossed 
optical substrates as a function of vertical viewing angle. 

FIGURE 1 1 is a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. 

FIGURE 12 is a graphical depiction of the far field vertical luminance of crossed 
optical substrates as a function of vertical viewing angle. 

DETAILED DESCRIPTION OF THE INVENTION 

In Figure 1 a cross sectional view of a backlight display device 100 is shown. The 
backlight display device 100 comprises an optical source 102 for generating light 
104. A light guide 106 guides the light 104 therealong by total intemal reflection 
(TIR). The li^t guide 106 contains disruptive features that cause the light 104 to 
escape the light guide 106. A reflective substrate 108 positioned along the lower 
surface of the light guide 106 reflects any light 104 escaping from the lower surface 
of the Ught guide 106 back through the light guide 106 and toward an optical 
substrate 1 10. At least one optical substrate 1 10 is receptive of the light 104 from the 
light guide 106. The optical substrates 1 10 comprise a three-dimensional surface 1 12 
defined by prismatic structures 116 (Figs. 2, 3 and 4). 
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The optical substrates 110 may be positioned, one above the other, in a crossed 
configuration wherein the prismatic structures 116 are positioned at an angle with 
respect to one another (e.g., 90 degrees) as seen in Figure 7. The prisms 116 have a 
prescribed peak angle, a, a height, h, a length, 1, and a pitch, p and one or both of the 
prismatic surfaces 112 may be randomized in their peak angle, a, height, h, length, 1, 
and pitch, p. Yet further, one or both sides of the substrates 110 may have the prisms 
116. In Figures 2, 3 and 4, in a. first embodiment of the invention, the sidewall or 
facets 132 of the prisms 116 which comprise the surfece 112 are curved. The 
curvature can be described as a segment of a parabola, or more generally as. a 
polynomial surface given by the sag equation: 

z ======= -f dr^ + er"* + + Higher order tenns in r (1) 

i+Vi-(i+Jfc)^v • 

where z is the perpendicular deviation (or "sag") in microns of the sidewall or facet 
132 of the prisms 116 from a straight reference line 128, originating at a first 
reference point (b) at a base of the prism and terminating at a second reference point 
(a) near the peak of the prism (see Figure 6) and c"" is the radius of curvature of the 
facet. Here the coeflBcients of the polynomial may have the following approximate 
ranges: -20 < c < 20, -10 < d < 10, -10 < e < 10, -10 < f < 10, and -1< k or less than 
or equal to zero, wherein r is a radial coordinate or distance from an optical axis in 
microns. It is noted that cV is greater than or equal to zero and less than or equal to 
1. . Odd order terms in r (e.g., r\ r^, r^ r^, etc.) with appropriately chosen coefficients 
may also be used as in Eq. 1 . The higher order terms for the even and odd order 
terms have appropriately chosen coefficients. Terms other than the first r^ term may 

N 

be written as: ^a^r' . 

Linear segments 124, 126 or other approximations to the polynomial described by 
Eq. 1 may also be used as seen in Figure 6. Linear segments 124, 126 result in a 
compound angle prism having a furst facet 126 at an angle of 9 and a second facet 
124 at an angle of p. As best- understood from Figure 6, the curvature of the curved 
sidewall or facet 132 of the prisms 1 16 can be either convex or concave. In Figure 6, 
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the side facets of the prism are positioned so as to fonii one or more compound facets 
124, 126, respectively subtending an angle of P or 9 with the base of the piism. 

Sample cross sections of the prisms 116, over a width w, are shown is Figures 2, 3 
and 4. Figure 5 is a graphical depiction of brightness as a function of horizontal 
viewing angle for an optical substrate comprising a surface characterized first 118 by 
a cross section of a right angled, straight-sided prisin, second 122 by the curved 
sidewall or facet in Figure 3, and third 120 by the curved sidewall or facet in Figure 
4. As can be seen in Figure S, for a right angled, straight-sided prism 118 the 
brightness shows significant side lobes 128, 130 at a horizontal view angle of 
approximately +/- 50 degrees. These sidelobes are not seen in either of the curved 
faceted prisms of Figures 3 and 4. However, there is a slight reduction in overall 
brightness for the curved prisms. As seen by comparing graph 122 with graph 120 in 
Figure 5, for a refi-active index of approximately 1.6 in the optical substrate the 
steeper the curvature of the side wall the greater the reduction in overall brightness. 
Also, as seen in Figure 5, as the curvature of the facets increases away firom the 
straight wall of a 90 degree prism, the wider is the central lobe and the lower is the 
central luminance and the sidelobes. 

In a second embodiment, a relatively high index of refraction for the optical substrate 
1 10 in combination with a modified prism geometry yields an enhanced brightness. 
In pai-ticular, Figure 8 displays a map of the central luminance in per cent of crossed 
optical substrates as a function of the prism peak angle and the refractive index of the 
substrate, wherein a refractive index of 1 .6 and a peak angle of 90 degrees is taken to 
be 100 per cent. By increasing the peak angle to 100 degrees and increasing the 
refractive index of the optical substrate generally to greater than about 1.65 and in 
particular to between approximately 1.7 and 1.8, the luminance is at least 102 per 
cent. 

Figure 9 shows a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. In Figure 9, a prior art 
luminance profile, based upon a refractive index of 1 .65 and a peak prism angle of 90 
degrees is shown at 150. As can be seen in Figure 9, the prior art shows sidelobes at 
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152. By increasing the refractive index of the substrates to about 1.75 and the peak 
prism angle to about 100 degrees, as seen at 154, the central portion of the luminance 
profile (e.g. +/- 30 degrees) displays a higher peak luminance (about 118) with 
essentially no sidelobes 1 56. 

Similarly, Figure 10 shows a graphical depiction of the far field vertical luminance of 
crossed optical substrates as a function of vertical viewing angle. In Figure 10, a 
prior art luminance profile, based upon a refractive index of 1.65. and a peak prism 
angle of 90 degrees is shown at 1 58. As can be seen in Figure 1 0, the prior art shows 
sidelobes at 160. By increasing the refractive index of the substrates to about 1.75 
. and the peak prism angle to about 100 degrees, as seen at 162, the central portion of 
the luminance profile (e.g. +/- 30 degrees) displays a higher peak luminance (about 
1 1 8) with suppressed sidelobes 1 64. 

Figure 1 1 shows a graphical depiction of the far field horizontal luminance of crossed 
, optical substrates as a function of horizontal viewing angle. In Figure 1 1, a prior art 
luminance profile, based upon a refractive index of 1,60 and a peak prism angle of 90 
degrees is shown at 166. As can be seen in Figure 1 l,.the prior art shows sidelobes 
at 168. As further seen at 170 in Figure 11, by increasing the peak angle from 90 
degrees to about 100 degrees while keeping the refractive, index of the substrate at 
1.60, the sidelobes 172 are reduced shghtly while the central segment of the 
luminance is only slightly less. Still further, by increasing the refractive index of the 
substrates to about 1.75 and the peak prism angle to about 100 degrees, as seen at 
174, the central portion of the luminance profile (e.g. +/- 30 degrees) displays a 
slightly higher peak luminance (about 105) with slightly lower sidelobes 176. 

Similarly, Figure 12 shows a graphical depiction of the far field vertical luminance of 
crossed optical substrates as a function of vertical viewing angle. In Figure 12, a 
prior art luminance profile, based upon a reflective index of 1.60 and a peak prism 
angle of 90 degrees is shown at 178. As can be seen in Figure 12, the prior art shows 
sidelobes at 180. As further seen at 182 in Figure 12, by increasing the peak angle 
from 90 degrees to about 100 degrees while keeping the refractive index of the 
substrate at 1,60, the sidelobes 184 are reduced while the central segment of the 
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luminance is only slightly less. Still further, by increasing the refractive index of the 
substrates to about 1.75 and the peak prism angle to about 100 degrees, as seen at 
186, the central portion of the luminance profUe (e.g. +A 30 degrees) displays a 
higher peak luminance (about 105) with slightly lower sidelobes 188. 

Thus, it can be seen from Figures 8-12 that by increasing the refractive index of the 
substrate 110 and/or by increasing the peak angle, a, of the prism structures 1 16, an 
improvement is realized in an increase in the on-axis luminance of the optical 
substrate 110 as well as a reduction in the energy sidelobes of the horizontal and 
vertical luminance profile. 

The optical substrate 110 may be formed from an optically transparent polymer, an 
ultraviolet (UV) curable organic or inorganic material (or hybrid thereof). In such an 
optical substrate 1 10, an index of refraction of greater than about 1.65 is preferred. 

Aside from the use of the optical substrates 110 described above in backlight displays 
for brightness enhancement, the substrates can be used in a wide variety of other 
applications as well. Embodiments of the substrates 110 can be used in Fresnel 
lenses, hybrid glass/plastic lenses, optical disks, diffuser films, holographic substrates 
or in combination with conventional lenses, prisms or mirrors. Such embodiments 
could be formed by modulating concentric circles or ellipses having fixed 
characteristics. The optical substrates can also be used in single or multi-order 
reflective, transmissive or partially transmissive, devices, whether light absorbing or 
non light absorbing; prisms, hologmphic optical elements, or diffraction gratings. 
The substrates can be used in other applications such as projection displays, 
illuminated signs, and traffic signals. Another property of the invention is that the 
curved (or compound angle) facets increase the blurring of the light guide features. 
This is an advantage since it enhances the visual appeararice of the display. 

Any references to first, second, etc., or front and back, right and left, top and bottom, 
upper and lower, and horizontal and vertical or any other phrase relating one variable 
or quantity to another are, unless noted otherwise, intended for the convenience of 
the description of the mvention, and are not intended to limit the present invention or 



7 



wo 2004/053538 



PCTAJS2003/037059 



its components, to any one positional or spatial orientation. All dimensions of the 
components in the attached Figures can vary with a potential design and the intended 
use of an embodiment without departing irom the scope of the invention. 

While the invention has been described with reference to several embodiments 
thereof, it will be understood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof without departing from 
the scope of the invention. In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that the invention not be 
. limited to the particular embodiments disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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CLAIMS 

1 . An optical substrate (1 10) comprising: 

a surface (112) comprising a prism structure (116) characterized by a cross section 
having a curved facet described by the equation 

.l + Vl-(l + ^)cV 

wherein z is the perpendicular deviation of the surface (1 12) of the facet of the prism 
(116) from a straight line originating at a first reference point and terminating at a 
second reference point and the coefficients of the polynomial lie within the following 
approximate ranges: -20 < c < 20; -10 < d <10; -10 < e < 10; -10 </< 10 and -1< ^is 
less than or equal to zero and where r is a radial coordinate or distance from an 
optical axis. 

2. The optical substrate as set forth in Claim 1 wherein the prism structure (1 16) 
comprises a plurality of prisms having a prescribed peak angle, a, a height, A, a 
length, /, and a pitch,/?. 

3. The optical substrate as set forth in Claim 2 wherein the plurality of prisms 
(116) include at least a pseudorandom peak angle, a, height, A, length, /, and pitch, 

4. The optical substrate as set forth in Claim 1 wherein a peak angle of the prism 
(116) is greater than 90 degrees and the refractive index of the substrate is between 
approximately 1.65 and 1.8. 

5. The* optical substrate as set forth in Claim 4 wherein the peak angle is 100 
degrees. 

6. An optical substrate (110) comprising: 

a surface comprising a prism structure (116) characterized by a peak angle of greater 
than 90 degrees and a refractive index of between approximately 1.65 and 1.8. 
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7. The optical substrate (110) as set forth in Claim 6 wherein the peak angle is 
100 degrees. 

8. A backlight display device (1 00) comprising: 
an optical source (102) for generating light (104); 

a light guide (106) for guiding the light (104) therealong including a reflective device 
(108) positioned along the light guide (106) for reflecting the light (104) out of the 
light guide (106); 

an optical substrate (110) receptive of the light (104) from the reflective device (108), 
the optical substrate (1 10) comprising: 

a surface comprising a prism structure (116) characterized by a cross section having 
a curved facet 

9. The backlight display device as set forth in Claim 8 wherein the curved facet 
is described by a segment of a polynomial function. 

10. The backlight display device as set forth in Claim 8 wherein the segment of 
the polynomial function is described by the equation 

l-i-Vl-(l + *)^''''' 

wherein z is the perpendicular deviation of the surface of the facet of the prism from a 
straight line originating at a first reference point and terminating at a second reference 
point and the coefficients of the polynomial lie within the following approximate 
ranges: -20 < c < 20; -10 < d <10; -10 < e < 10; -10 </< 10 and -1< A: is less than or 
equal to zero and where r is a radial coordinate or distance from an optical axis. 

IL The backlight display device (100) as set forth in Claim 8 wherein a peak 
angle of the prism is greater than 90 degrees and the refractive index of the substrate 
is between approximately 1 .65 and 1 .8. 
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12. The backlight display device as set forth in Claim 1 1 wherein the peak angle is 
100 degrees. 

13. The backlight display device (100) as set forth in Claim 8 wherein the optical 
substrate (110) is formed with an optically transparent material with an index of 
refraction between approximately 1 .65 and 1.8. 

14. The backlight display device (100) as set forth in Claim 10 wherein the optical 
substrate (110) is formed with an optically transparent material with an index of 
refraction of approximately 1.75. 

15. Anoptical substrate (110) comprising: 

a surface (112) comprising a prism structure (116) characterized by a cross section 
having a plurality of facets including a first facet (126) oriented at a first angle with 
respect to the surface of the prism and a second facet (124) oriented at a second angle 
with respect to the smiace of the prism; 

wherein the first and second facets (124, 126) intersect at one side of a centerline of 
the prism and the first and second angles are different. 

16. The optical substrate (110) as set forth in Claim 15 wherein a peak angle of 
the prism structure is greater than 90 degrees and the refractive index of the substrate 
is between approximately 1 .65 and 1.8. 

17. The optical substrate (110) as set forth in Claim 16 wherein the peak angle is 
100 degrees. 

18. The optical substrate (1 10) as set forth in Claim 1 wherein the prism structure 
(1 16) is an ultraviolet curable organic or inorganic material. 

19. The optical substrate (110) as set forth in Claim 6 wherein the prism structure 
(1 16) is an ultraviolet curable organic or inorganic material. 
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20. The backlight display device (100) as set forth in Claim 8 wherein the prism 
structure is an ultraviolet curable organic or inorganic material. 

2 1 . The optical substrate (1 1 0) as set forth in Claim 1 5 wherein the prism structure 
(1 1 6) is an ultraviolet curable organic or inorganic material. 

22. The optical substrate (1 10) as set forth in Claim 1 wherein the prism structure 
(116) includes a peak angle of greater than approximately 94 degrees and wherein c, 

e,/, and k are approximately equal to zero. 

23. The optical substrate (110) as set forth in Claim 1 wherein the equation for z 

N 

includes higher order terms in r defined by the summation where a,- are 



coefficients and N is an integer. 



24. The optical substrate (1 10) as set forth in Claim 10 wherein the prism structure 
(116) includes a peak angle of greater than approximately 94 degrees and wherein c, 

e^fy and k are approximately equal to zero. 

25. The optical substrate (1 10) as set forth in Claim 10 wherein the equation for z 
includes, higher order terms in r defined by the summation "^a^ where a,- are 
coefficients and N is an integer. 

26. An optical substrate (1 1.0) comprising: 

a surface comprising a prism structure (116) characterized by a cross section having a 
facet described by the equation 



z = 
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wherein 2 is the perpendicular deviation of the surface of the facet of the prism from a 
straight line originating at a first reference point and terminating at a second reference 
point. 

27. The optical substrate (110) as set forth in Claim 26 wherein the equation 
further comprises a summation of higher order terms 

wherein the coefficients thereof lie within the following approximate ranges: -20 < c 
< 20; -10 < d <10; rlO < e < 10; -10 </< 10 and -1 < ^ is less than or equal to zero 
and where r is a radial coordinate or distance from an optical axis. 

28. An optical substrate (110) comprisinjg: 

a surface comprising a prism structure (116) characterized by a cross section having a 
plurality of facets intersecting at a peak so as to subtend a peak angle of a. 

29. The optical substrate (1 10) as set forth in Claim 28 wherein the plurality of 
facets form one or more compound facets respectively subtending an angle of P or 0 
with a base of the prism. 
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(54) TiUe: BRIGHTNESS ENHANCEMENT FILM WITH IMPROVED VIEW ANGLE 
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(57) Abstract: A structural shape on the 
surface of an optical substrate (110) is 
such that the brightness of diffuse light 
departing from the surface of the optical 
substrate (110) at certain off axis angles is 
reduced, at the expense of a small reduction 
in peak brightness measured near the 
viewing axis. The net result is an overall 
increase in useful illumination. A cross 
section of a prism as the structural shape 
has a curved sidewal] or facet. A material 
with a relatively high index of refraction 
combined with a prismatic structure having 
a modified prism geometry improves 
brightness. 
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